SUMMARY Arterial hypoxia has been accepted as a potent stimulus to increased fibrinolytic activity in vivo. This study has shown that significant levels of arterial hypoxaemia induced in healthy volunteers by breathing a hypoxic gas mixture have failed to induce changes in the fibrinolytic enzyme system. Hypoxia has been widely accepted as a potent stimulus to increased plasma fibrinolytic activity in vivo (Kwaan and McFadzean, 1956; Clarke, Orandi and Cliffton, 1960; Cliffton, Clarke, and Murphy, 1961) ; in view of the physiological importance of this suggested relationship, the present study was set up to investigate the effect on plasma fibrinolytic activity ofhealthy volunteers ofvariations in inspired oxygen content.
This study has shown that significant levels of arterial hypoxaemia induced in healthy volunteers by breathing a hypoxic gas mixture have failed to induce changes in the fibrinolytic enzyme system.
Hypoxia has been widely accepted as a potent stimulus to increased plasma fibrinolytic activity in vivo (Kwaan and McFadzean, 1956; Clarke, Orandi and Cliffton, 1960; Cliffton, Clarke, and Murphy, 1961) ; in view of the physiological importance of this suggested relationship, the present study was set up to investigate the effect on plasma fibrinolytic activity ofhealthy volunteers ofvariations in inspired oxygen content.
Materials and Methods
Ten normal healthy volunteers aged 22-40 years, having given their full informed consent, were included in the study. Over a 30-minute period each was exposed to a 15-minute period breathing oxygen at an inspired concentration of 11-5% and a 15-minute peroid breathing oxygen at an inspired concentration of 21 %.
The subjects were paired and the second in each pair breathed the gases in the opposite sequence to the first. The order in which the gases were breathed was randomly allocated to the five pairs. This technique was used to ensure that equal numbers breathed the gases in each order. The subjects were not informed of the sequence in which the gas mixtures were used. Two gas cylinders of air mixtures of 11-5 % and 21 % were prepared and joined by a Y-connector and tubing via a 4-litre anaesthetic bag to a one-way valve box and mouthpiece. Seated comfortably at rest, with a nose clip in position, each subject breathed air from one cylinder via the anaesthetic bag and the expired air was exhausted to atmosphere. After 15 minutes to allow adequate time for equilibration of gases in the body and for Received for publication 8 March 1971. changes in plasma fibrinolytic activity to occur, a sample of venous blood was obtained. The air supply was changed to the other gas cylinder and the subject breathed the new gas mixture with a different oxygen concentration for a further 15 minutes. In three subjects small samples of air from the end of each expiration were collected in a bag over the last five minutes of each 15-minute period using an automatic end-tidal sampler (Mills, 1971 ); the total volume was then analysed for its oxygen concentration. An estimate of the concentration of oxygen in the alveolar gas was, therefore, obtained and this afforded confirmation that the partial pressures of oxygen in the arterial blood were within the range predicted for each level of oxygen presented to the subject in the inspired air.
The procedure was then repeated with the same volunteers using gas mixtures with oxygen concentration of 21 % and 43-5 %. End-tidal sampling was used in nine subjects to confirm that the partial pressure of oxygen in the arterial blood was within predicted levels.
Whole blood was obtained at rest, and again immediately after each mixture was breathed, by clean venepuncture into plastic syringes, the minimum of venous occlusion being used. All subsequent estimations were performed on each sample without knowledge of the gas mixture to which each referred; this was disclosed only after all analyses were completed. The blood was transferred into siliconized centrifuge tubes containing 3-8 % sodium citrate in a dilution of 1 part citrate to 9 parts whole blood and was then centrifuged at 600g for 10 minutes.
Five millilitres of whole blood was also placed in plastic tubes containing glass beads immediately 705 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from following venepuncture and one milligram of the fibrinolytic inhibitor tranexamic acid was added to inhibit fibrinolysis in vitro. This specimen was used for the assay of serum fibrin degradation products (FDP) by the method of Merskey, Kleiner, and Johnson (1966) as described by Bonnar, Davidson, Pidgeon, McNicol, and Douglas (1969) .
The following estimations were performed on the plasma obtained by centrifugation of the citrated whole blood:
The method of Remmert and Cohen (1949) as modified by Alkjaersig, Fletcher, and Sherry (1959) was used. This method is described by McNicol and Douglas (1964) .
FIBRINOGEN ASSAY
The plasma fibrinogen levels were measured by the method of Ratnoff and Menzie (1955) .
EUGLOBULIN LYSIS TIME
The test was carried out by the method described by Nilsson and Olow (1962) .
UROKINASE SENSITIVITY TEST
The test was carried out by the method described by Dubber, McNicol, Uttley, and Douglas (1968) .
FIBRIN PLATE LYSIS TIME
The test was carried out by the method described by Nilsson and Olow (1962 The mean results of the assays of fibrinogen, plasminogen, and fibrin degradation products are shown in Table I ; no significant differences were obtained when the different gas mixtures were breathed or when breathing room air in resting conditions. It will also be seen that no lysis occurred in the fibrin plates with any specimen.
Disussion
The results of these series of experiments suggest that acute changes in the arterial oxygenation of healthy adults are not potent stimuli to alterations in plasma fibrinolytic activity in vivo. The findings with high concentrations of inspired oxygen are in keeping with the results of Lieberman and Kellogg (1967) who failed to detect any increase in plasminogen activity in the lungs of various strains of mice when exposed to a 90 % oxygen atmosphere.
Our finding is that there was no change in systemic venous plasma fibrinolytic activity in the subjects with significant arterial hypoxaemia; this result is perhaps unexpected in the light of the findings of Kwaan and McFadzean (1956) and Kwaan, Lo, and McFadzean (1958) found that the greatest activity was in blood samples which they presumed had stagnated in the smaller vessels of the limbs, but clearly other factors, eg, a fall in pH, could have been involved in these results. Similarly, venous occlusion has been shown to increase the fibrinolytic activity of the blood contained within the occluded segment (Clarke et al, 1960; Cliffton et al, 1961) , and interpretation of these results is also difficult. Tissue plasminogen activator release has been thought to be enhanced by tissue anoxia. Abrupt fibrinolytic activity following vasoconstriction or tissue anoxia has been cited as the cause of the rapid dissolution of blood clots after death from strangulation, drowning, and anaphylaxis (Lack, 1964) , and enhanced fibrinolytic activity was demonstrated in almost all patients subjected to electroconvulsion shock (Sherry er al, 1959), tissue anoxia being assumed to be a major stimulus to increased fibrinolytic activity. Our results, obtained in a double-blind experiment, suggest that some mechanism other than uncomplicated anoxia may be responsible. Our observations also contrast with those of Harwig et al (1968) who reported that breathing oxygen at intervals enhanced blood fibrinolytic activity in both healthy subjects and in patients with chronic cor pulmonale.
While it is possible that chronic alteration in blood gas status may affect plasma fibrinolytic activity, our results suggest that in healthy subjects neither marked acute arterial hypoxia nor acute hyperoxygenation affect spontaneous plasma fibrinolytic activity. Some other mechanism must, therefore, be postulated to explain the changes in fibrinolytic activity found in anoxic limbs, in asphyxia, in occluded venous segments, and after electric shock.
